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(54) OPTICAL FIBER AMPURER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely execute gain 
fixing control by making a value, which is shown by a 
specific formula including a constant value 
corresponding to a naturally emitted light (ASE) power a 
light amplifier part generates at the time of operating, 
the detection gain of the light amplifier part 
SOLUTION: An optical detector 3-1 detects an input 
signal optical power Pin and an optical detector 3-2 
detects an output signal optical power Pout. The light 
amplifier 1A is provided with a rare earth added fiber 11 
and an exciting light source 1 2 executing front 
excitation. A gain detecting part 4A inputs the input 
signal optical power Pin, the output signal optical power 
Pout and an ASE power PASE to make (Pout- 
PASE)/Pin a gain A. PASE is made a fixed constant and 
this value is set by an electrical circuit. An error signal 
extracting part 5 extracts the error signal of the gain A 
and a gain control part 6A varies exciting light power 
outputted from the light source 1 2 so as to make the 
error signal zero. 



n5F 



"TV" 



Ph 



LEGAL STATUS 

[Date of request for examination] 24.04.2001 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 



Searching PAJ 



[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Patent Office 



mQ^mimif <j p) 



02) ^ ^ # fP ^ # (A) 



ij^^jpil -112434 



(BDInta." BBME^ P I 

H04B 10/17 H04B 9/00 J 

10/16 HOIS 3/10 Z 
HOIS 3/10 



(21) OM^ 






00000^26 














(22)tiUSB 


sF«9^a997)10^ 1 B 




S0saB9r!tK!S»f«= T B 19» 2 ^ 




















*S«P3Sf?SKiS»flSHTB19S2-^ 


















(72)IM9« 












iSd^KSf «Kii»r1&HT S 19» 2 ^ 




















#31± 1S« S&IE 





(54) [9Bf^<^«li!l 3tt77^/tja4BIS 

(57) imm: 

•th sm:iitft^-^'7-i>zMm~r^^^m ( * o ) ttx 

Pasb $rA:'3t. (Pout- Pass) /PinSrfiJ#t 
6. 



1A^ 



3-l> 



14-1 13 iTN U-2 



j PiD L 



T 

Pw« 



Perot 



(2) 



nm^i 1-1 1 24 3 4 



sm^mmM(^xijm^%f n-v- p intj xx/iii:hm^ 
ssytm®^imf^mizm.-r^ ^fmta^^^-iznm 

-r-SSiCffl (=^^0 ) t LTPase StA^JL. (Pout- 
Pase) /Pin$:Huie5tti®g6(7)«!ai*iJ^i: tTBuie^. 

^m^-miiimzti!,:h'rtmm.x'2htzti^b'ri>^ 
^•^k. ^im±mmmyr^^'^t^x:hmttiitim<r>Myi 
mimmm^(r>Ktsm^^ v- p i ntj i x/mijm^ 

mssmmm^izmtxmiwiijmm^^^'y-pi hxv^ 
inftmni^mz^xt x o \,zmm-t nmwm t i 

(*0) tLTPASE $rA:tjL. ( Pout- 
P^se) /Pin5-Huie3ttM«©SI50l^iaiW#i:L-CliirS^ 

1ifiefiJt#*JtBia«. «fcPf >Pb i:^rSJ:dt3|tflBffl 

[lil*3S3 1 If ^ 2 tw|ES5<^3e7 r ^ ^'^lUiSlciJ 

jg^e-'NV-^ A Pf t flfc:^®)^^ A Pb 

^(clAPf KlAPb I k^^iafciSfie^S 

[it««41 ii*«3t:E«<7)3te7r>f.'N'tiiliSlCi5 



[IS^Ja5] 8t^3t=;|Ba<^5e7T>fAt@|SSt::fc 
fimSOffll^li:. I APf I =a I APb | {tzfiV. a 

<i) k^shXo \izm^m^um-^vii^x'»>h:i t 

^nmt-r^^yr-f/^ims. 

m^me] if*^2Cie«i<^)3te7r^M'tiiiSfstc*j 

mnmmmi. x^m^^-<y-(^^iznLx. tkn 

ny-V\> $r©|ffliL, WimWti'^V-V\i A^OS-^O 
E»rS<^fi/h«c^-?Jt*^{ca*-fflie3lfc/N"7-Pb S-S 
^L^±-C|!rfrISlS3t>''«r7-Pf SrftdW-tSfllfiS-CfeS 

H!lie«St7)3tlitia5^«scOA:»3fl-^^ N'V- P infc ii/ 

ai:Jj«-^^N*v-Pout 5:!Kait-i.3tmaj^st, 
y-iznm-t^^m {*o) ttxp^i^ Sta^ju. 

(PouI-Pase) /Pin$-BiIiS«a<^3Klii|ia5^*tC*J 

rnmmmta^xntii § tif^mn t ^tbm.^ Lt>pji^<^ 
m^^^^z]stx. mm^^mmm<oriwmi3Em 

3t>'N-'7-Pf i5j:tXtuiSifc:^rliiia^v\-'7-Pb $rfS*^ 

2 i^is^JH 6 <o\,^-rtii}Hztm<^mmmizm-^'\^ ^x^ 
a i^zmm-ttmrnrnmb ^mtfzz b i:mmb-Tt^ 

fij^t^asasii. ^miii^mx'miii^tL^x:him^^y 

^mLb-th^yr-i^'umu. 

[000 1] 
(0002] 

iim<7)t^m] ^y r ^ jmm=yxy^j^x'it. mm^m 
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l.)S&ScSrSS&ISS'JtcfflV^S3t^^-y hV-i? (WDM 
[0 0 0 3}— flSfcrx/Wt'n^A-^^V- (Er3M <7)X 
^)(i^3t^]gtJ:->T*iJ#^'^^'h/w*«^-fl:-r-5., WD 

[00 04] ::<7)^A'>;tvurac7){f^o^{±, ^yr^ 

«i^^c7)m«!)MN$ < =5:-^ Tft#/J«#ifc ( S Nit) 
[0005] iCl-C, f-A'>'*;Ma^JSt:tf 

n^. em^m^^-^yii. ^yT^^<mm^x:h^^ 

[0006] :iti^nx.h:fjmtLx. ^yT^^<m<m 

y-i- hVN' y ^-f &:^ra. (2) -k^^y^-tvcox-fi t ffi 

•^m. (3) iijgmrtru— ri^^±jc:L/cO, ©Jffli 
fflOli-^jliSrffluT A:?3^gSiS*-^t:«-:>=5rt'i: J: 



§St;A::'3$tT.'i.«-^&**^'ttStw^-ri,^|g14*«fci> 

T-i>S. Ltzij^-oX. WDMe^^-y VV-i5"vt>affl 
T-^StV^a^-C. ±i£*SiO+-C(2) coafflEffl*«fi 

^B^ji (2) <7)yjmizn Lxmm ^ <x-s t <7)-t-ft s . 

[ 0 0 0 7 ] laSti. (2) <7):^(zjlft<Si-i,ts!5t5C03t7 
- 1 -C-?-<0-g5*f}J-(!SSitT5e«taj«3 - 1 

tcAi^i^tL, A:^ffi-f-3t3SSPin3{»<etaj$n&« -:ff. 
x:fjm^\myr^^-^w,^i artxi^^^^tL^, 

T3t«iaiS3-2{cA:^3$ix. ai:tifi-^5t«Pout 

^s'l It. Wjmmi:rfomf^mi2-ib. wim 
es-^f 9 i!)i@7tjs 1 2 - 2 . mm%t:^±mmay r 

^Al l(;A:'j-r.5.WDM;&r7 1 3- 1 . 13-2 

t , x^mmzwrn-^tthitr^ -jv-^ 1 4 - 1 , i 

4-2i:K:J:0fll«§it'&, 

[0008] W#^tiia54«i. A:^fi^^e?Pintai 
:^fi-^^«Pout fOtfcPout /P inSrWf Ai: UT^: 

<^Mll^-^&iftit;t. fiK#$iJffli^6{i'E-oi^«(i-f-*^'o 

fc^fSiotClteejK®! 2-1 . 1 2-2A><^ai:^)$ix 
[0009] 

^>«-^ate3l-SPini:{tJ:'3m#*5S;ePout <^JtPout / 
Pin (W#A) Sr^ix^'t. -e-fL3&i-^i:^?,J:9(c$iJ 

MS:tii3t ( ASE : Amplified Spontaneous Emission) 

t C{iaj*m-f*5SJSi:ASE**jDi5-?Jtt<Oi:^S<7) 

T\ Pout/Pin{iiE«i^fi-§-W#T{i*<^9, Pout 
/P in^-^lcaijffll LT t ]E^l^r^lJ^§-^$IJP$:^T -p 

izLif>?>ASE<om^f}i:k^\,ym^iiif. ^ffmmw< 

[00 10] -ec:T*ASEo^iP$:l^<sgj®*<*>^*>\ 
-mzKSE.nv-\iimb\ : l{3«*tJS5L^rv\ 
<IT\ ASE^«Sr^:::^^L, Pout A»<^?IWLT-5-cO 

^m^%'ow<'mit'^hhtK ^(r>mm\imkts:^><r>b 

[0011] jS#=5HPJ«t J: 0 A S Ec^^ 
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[00 12] 

out t-hnm^^ta-ttmtz. ^±Mminyr^/<x'^ 
±-ri. aMStai3t^N"7-ccstiet- s^fii < * o ) tt 

TPass iXijL. (Pout-P«sj> /PinSrfO^k 

ffli-rs (it^i ) . 

[ 0 0 1 3 ] . T ^>'±i"I@S{i. #± 

s. -eLT. A:^D^i^^^•'7-Pini3J:l;fal:^J^l^3^y^• 

v-Pout *»i^fiJ#Sr«Stii-rsiS(::. mmiz (Pout- 
Pftss) /Pin$-W#kL, C:iOfiJff*<-^tc:5:-&J:3 
^CBu:6■iIe3t^^V-Pf J3i:t/f^*i)@3K>'N-'7-Pb $r 
«ijffli-ri>. ;t^iL. mzPf >Pb i:^r«,j:5lc:$ijt!|i^ 
S (it*fl2) . 

[00 143 ttz. mi<zpf >Pb iz^hXoi,zmwt 
hmi,z. x^m^ytf<'7~cr)^iZ)!tr:^mfTmm^^'< 
v-miAPi twjmm^^-^v-mnAPb niz 

I APf |< I APb I t^rSJ:^fc:lljejfe>'^•V-Sr^ 
^bS-frS (if*«3) . i^, APf =0i:Lfv:'5 (» 
iR3I4), I APf |=o;lAPb I (aKDh-tS, 

[00 151 ttz. mzpf >pb b^hXoizmwt 
&mz. 7^:)jm^^<v-(7)^izMLX. Sfc^ra^ 

Pb SrSiJWt. f^:trlJ@3t''^''7-Pb *so &-^tfEff^<7) 

±-cifr*itee3K/N-v-pf immr^ im^me ) . 

[ 0 0 1 6 3 i/c, *lfeB3<^3t7 r-f ^N'JiilSSfi, «Sc 
03tJti|BSPt . a3fe*^!)L^rv^i!'-^< i: t l-:)03feS5 

CO A:^ fl-^ V - p i nij i HiiJa fi^3l£>' N°r7 - p out 
*>f>fiJf#*«i{tJ-r*|gtc. Iil^i; (Pout-PflSE) /P 

[ 0 0 1 7 ] flKfl^thSiSJi. A:l3^i-^^N"7-P 

infcJ:i^ai*fi-f-3t^'<v-Pout ^^fi-f^t tx A:»3 
8) . 

[0018] z<r>X 0 ^HaBoat^ r-< AifjaST 

it. ^SCt LT-^i.^>ix&ASE/N-V-PftSB ^ffl^-^ 

StlfcrtiStiSL'SrV^. 3t7r >f ^N'tg<SSc7)%&tc{±. 
«ii®*£0fi-^-?7- 1 , tASE>'N*V-lASE 



d I,/dz= (<j3N2-ty.N1) I3 
dlASE/dz= (cr.Na-cr.Ni) IftSE + hi/tfsNa 
Ai/ 

Nz . Ni »4-5-iX'?-'ixJii|ia*{icO±Jp&. T?*{4«7)?& 
je> <?, . <y. {i-e*i-ea{t-^J3j:i^ASE3fecogtft 

fc A V ti-J-fl^ilA S E04"C^jg«^aiSA^' 0 

10 0 19] Zcr,^l,z^-rXolz. Irse <±I. t^fil 
<7)iii!i2:^-r^tC. ^mciii^i:^-rh u 0 , A»/ 

[0020] t c: Jtinmcoft-^A^Jllcolie^ 
^"fr7-S-3ii<«oc:ttcit3, *0#*<-^5:'?>{f ase 
>'N-'7-$r{5J5'^tLTaac:i:*»'t'§l.. -eixfi. ft 

:&ASE/'?r7-o:^^<i, *iiJiiKflK7)(i^3KA:»j3igftia 

[0021] *i6Bj{i^o»a{3*o'§ , Q>wijmm- 

t (i»^l ) . (2>B5*-®Be*VN-V-Pf 

>'N-v>-Pb lcib'<.Tffi::'3iiS<^^i--l. (iS*3l2) , © 

Pf>Pb (?DTt\ ti^^ri!le3fe^^•V-^»APf iWj 
lie*>''?T7-^ A P b tCjtKT/h? < fg^-f S { it* 

JS3 — 5) , ®Pf >Pb tfOTT, XM^A-^^KXtk-lT 

t/6^'^vf-izx*)mmt^^mi:^-r?> (n^^se) . ^ 

i:'Oiib^O^<^§-ti-:^$:$iJI®-t--S.. ^liltciO. A 
SE/'^V-^^tLX&oZb^mt^i. 
[0022] m^Pint Pout S:^:^^' fCffl^f-^SlJ 
ffll2:-r-&*S-&traiSt^rSASE<0^i. Pout <7)t 
-:S'ffl*»'^*>'^*»ty)^$ft/^PASE Sr^^tLXm 
fm^±X'3\^»t?>ZtizJ:K>Mm<. -r^hi^. 

A= (Pout-PAsg) /PinjJf^-^t^rSJzatC^tiSfB 
S5 (#±a^n7r>f^N') ^©JfP^&^ttciO. AS 
Eco^W5:#^I^L?t^$f^f(Jt»-^^^*f^«gi:^r2.. 

aLfc AS E*«#ifis J: o^^esifcistbt t-e(?5S * 
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[0023] 

(mi<^mmBm ■■ m^m i ) a i ^^b^coss i 

1 A^fflV^S. 

[0024] llfcfci,^T . X:hm^lt^^t^^ 2-1 
•C•€■<^-SI5*i^J^l^^i^T3t«lt^lS3-l^^A^l$i^> A 

2 - 2X'^cD-&mi^^tlX^mtiim - 2 tc 

iissi5i Afi. «±^as!iii7r^^N'i It, mirmm^^ 

A^)-ri.WDM;<?T7 1 3 i; . Aai:^3iSglcEKSix«)3t 
T'f VU'-;J'14-1. 14-2i:tcJ:>5«fR$ti.S. 

[0025] m'^mm^A ah, x^m^^-^^-Pin 

A:»]L.. (Pout-Pftss) /PinJrfiMAkLT^-^' 

-rs, PssE {iA^itci'^-r-^io^iifcu. ^ 
B»f^et=*rr&f'j»A£7)i^«-^&}ibtiiL. fij#$ijfflia5 

[0026] Z.(r)iiol,z, m-J5mwm&^}ii>:itf.zX 

mwm.t^nhixhfz^. ASEy\"7-p»sE \mnt 
s. -ec-r, (Pout-Pftsj) /Pin5-f!i#^tBfflt-r 

-Cti., (Pout-P,ss) /PinOffSC(±m^lHlSSS:ffl 
V j^JSTS 1 m s Jjjlf*I<^?S3S^cSiJlW*« 

[00271 ASE-'^•'7-PftSE i±Wm^-th 

iSimifhhifi, <!K<r>iiO\.ZiSt»>tZtifi-Q%h, Pass 

[0 0 2 8] ^-f. Si|tP;P-r$:Wfc LTSiI«2:iTi>^i- 
-^LT. Sl^§tT.^fi±A^lfi-f-^N-'7-tCt5ttl.W 

<onfr>^nmm^'<9 hfi^ {wmm^n2-y\:j.±.<7) 
^^^tcgt^t7tife«^3^3{ts^i-^f|]^#) ^sii^-r-?.. )X\.z 
^3<^saw^A:'^^I-^''^•'7-cfc^t&^t■^f|J#x 

S±A:>3e-^/'«'7-«fteai^L./v:{i-^ 

f'J#^'<i?h;Uc-Stti,J;ol-PASE oA:'3ffl$-i^ 

-rs. p»sE <o«*ia*«m^<7)Pfl6E t^j:i>, m^<op 



[0029] (Il2c7)^i£?g® : li^«2 .3)02 

[00301 lafcfc^^^T, X:hm^ti^«^^2 - 1 
T"e•0-g|53^^^:}i■«$i^T5t«laiS3-UcA*$i^. A 
:?3m-^^N"7-Pin*i«iai$ii&. -:f3, A*fl-^li 

2-2 X'^(7)~^i]^^m^tiX^mtii^ 3-21= 

(laiBti. #±^asjp7T-<^N'i It. Bu:^ra)iesr^T 
ommitm 1 2 - 1 1 . W3m&?:nomi^^mi 2 - 

2t. mm^^^±MmnyT^^<i nzX:h-r^'VfD 
Uijyyl3-\, 1 3-2i;, Aai:^StCi2aS*i.S 
^T-<^/'U—^\A-l, lA-2blZi:^im.^tL 

[0031] W#«!miP4 A<i, A:fjft#3t-''«V-Pin 
ailtlfi-^N'V-Pout ASE^sV-Pase ?r 

A^lL, (Pout-P;»ss) /PinSrfil#At tT^-^ 
•r^. 'Srfc. PflSE iiXMzXf:>^-&n^m.tL. z 

<miima^mmzx 0 . ^fi-^aaigp 5 {±, 
m!mizftirm^^A<7)tmm^^mmL. m-immm 
6 B{±-ec7)mi^-^*i 0 (1=5:?. i d izmBt/tm 1 2 - 
1.12- 2i)^(^tiiij$tLi>mm^'''iy-^^it^-<±. 

[0032] :^mmm<^imii . ^±mm\iy r^j^ 
1 i<7>w^i}^^mmt^x:h^h^i,z. m:nmmmi 
xx/Wimm%<^w)j(7iJ-<'7-i:nmz^^^^th. sg 

-Pb $:Pf >Pb tt. Bfi:^Sie3t''N"7-$rJt«5WliS 

< t^4^r. Bii:^l)©3tvN--7-^APf tf^:^®)® 
at^N-y-sifSAPb *« I APf I < I APbi h^hXo 
\.zmm-rh. ^2(b)wi. ttaiKUffi-f-t^w-smrs- 

[ 0 0 3 3 ] i 9 tdrs-siie^tvN-v-i: ^:6-iaie3t 

.'N-y-Sr^i^-tc^t&S-li:. #±JSmftD7T'f''<l lO 

m^^-)iimT^cr>Kmrmi-m<m-ofz±.x\ 

LTjaddfc^i-CiSASE/fV-PftSE ?rfflV^t:fiJ# 

(Pout-PftSE) /PinS:*4^SC:tlZj:'9. »jej:< 

\i. m^1^m.^:im^^tc\.^tzMzij^X'h^, 

[0 0 34] {m3<7)mi0m:msmA)m3\±.^ 

[0035] immmc^mmt , ^±mmay r >f 
1 i<7m^i}-t>mmt'S:?^-ri>^f,z, mmm^s 

c(:fcv^TB^^:fe•ll^3t>'^•'7-Pf i:m<-^t.z^-^tz^ 

■th^jizhh, 03(5) izM. m\&wmm^\.zm-^w 
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[0036] :itii.zx D . #±ffl^.JD7 T-<^N'i 1 <r>m 
A S E tiA^JiSftifit'^L^ A S Ei}<m^^ixt::i><0 

»SE S-^fc^'Sr-r^i:**^:-^^.. CltO^m. (Pout 
-PASB)/PintV^aai«IWCj:'3. Pase S-^t LT 

[00 37] imAcrmmm-.nw^s) m4ii^ 

Pf = (Pf„.,-Pf„in) XPb/Pb, 

= aXPb +y3 (a<l ) 

kv^dWSiCtcJEBtTSHkSHJ-l*. 04(b) tcfi. ttffi 

b^xox:bmim(r>m^^-<'7-i)m<^'ox\'^^. i 

[0040] J: 5 l!r*-aS3t*3 J:lXifc*-lie36 

>f/N'i iofi-t^A:'3Si#jfi£0R!ig^^{±i^<«;^>:n. 
(Pout-PASK)/Pini:>-^dMWc:J:0. mSJ:<fiJ# 
-'^mi}^mb^j:i>, ZcoM^li. W^tOljieat^N- 

[0041] (m5(7)mmmm:m^e) msii. :^ 
[0042] :^mmm.<onmii. mmm^ 6e ^za 

v^T, Binfrlje^^N-V-Pf bWfWsm^^V-Pb Sr 
Pf >Pb tL. #iJS^7r>fvN-i l<7)ia|«*>4>Ji 

^Lxwjwm^^^'p-pb imm-h. Wimm^-^ 

7-Pb *«0l:^tf3r^(7)S/Mmc/fo;t:^W±. 19 

(b),(c) tc«±. ttaiisii«-^icwsBu:<5Fiaig3i;t}J:tp 



[0038] *ll«jU^SI<0!^S[{i:. #±S^in7 r >f 

1 i(Dmmi)^hmm^^A:h-rhWr^i>z. 15:^11^3^13 

^k:^ahLT. wrmwt^-iv-Pi bWimimf-^v 
-pb *pf >Pb bL. mjmm^-^v-'titmfjs 
KLtz^T. mrmm^-^v-^APf bm-)jwm 

at^N'V-^i&APb 2:APf <APb b^^Xdlzmm 

J6?^®-C-{4APf fcAPb iOlRI^SlCOV^T. fOW^PSP 
eD{zii\,^X. 

I APf I =a t APb I {tzfSV. a<l ) 

b^j:^xdizmm-r^. 

[0039] fzbtli. ^:^lje3t>'N°V-Pb ^Oipi, 

Ph^^^tx'^M^-tfz^iz. m^-ne^t^N-y-pf $r 

„+Pf.i„ (Pf.i„>0) 

[0043] ztLizX*). ^±MmayT^^<i loe 

A:ti^#jfi<^Rtei^=m{4iis < miti . ( p out - p 

ase) XPinb^^oMm^zX 0. i^«J;<fiJfl— ^©JftP 
[0 044] (Il60||jfe?e»: if*Ja7) 06(4. * 

mmmi:mmizmmLtxmmzmm^ii?> . 
[00451 ^tmmcoi^m\i. m^(o^m^^ 1 b 

(i3t«l A) t3j:l/3KT-<yU'-:S'^£0»3fe*-^t 
^v^^fcSSiasS-S^fcg^L. JiiISf5^f*J<OA:'3Si:ai 

Pin^^:5'tJj;t;rPout 1 M^SL, 

»t=^U;^^*^lC«k 0 . ( Pout- Pase ) /Pin*^-^ 

^ 1 1 com^^:hmimcomm^^-<v-^M< tx 

ii<Zb(cX*)mmm&t:^>^?>:ibti'X'^^. iJt. 

[0046] (m7<r>mmBm) mn±. ^^mc^mi 

mi^ztmLfzmmzmm^tLi . 
[0047] ^msmBffimni . mi(^im^ 1 b 

mmLti^-^^z^ mi(7)mmmi)'t^m5com3mmiz 
^ifzijmizx 0 . ^^m^:::bizmn-^mi:n 

obZ^(,z$>h. 

[0048] -r^ip^, #3tti4iaPf«itc«^*<^-f-€. 

3tg|iiBi9*5ifA$*T.Ti^«.«-^t3{4. -eit-fitco^tii^a 
ge^C:^3V^T, (Pout-PAse) /Pin*5-^fc^^fJ1if 



(7) 



i^raTl 1-1 1 24 34 



(00491^7 (r>mmmX'\t. ^%7r ^ ^N-iiilS 
7T^>'N'tiii@SOPin, Pout Sr^r^:? LXfiH#— ^$iJ 

gfitcov 1 commmt^^m s cnmmmizTr. l 

[0050] 

^ < -r t i 0 . #±JK^a7 r >f ^N'<ofi#3feA:i3 
*«-?T, fiMJi (Pout-Pssg) /Pinl;:j:0^m-r6 



[04 1 ^w^ffmyr^f<.i^f^^mAff>mmm^ 

[06] *^BH<^)5t7r-fyN'ti©S«m6<0||il?B»i: 
[07] 3*:|gHac03fe7 T >f >'-^ti«B»<^IB 7 <7immmi 
[08 ] T ^ ^N'tilSSOW^^SiJfflllllS&iO 

[«=-§-coiKHJ] 

IB iir:s-iiei3j:y^«:^iS!i^i05tJiiiisi5 

3 3t^aiSI 

4, 4 A fij»«iaia5 

6, 6A, 6B. 6C, 6D. 6E WtSIIPSf 

11 #±?I^D7t^^'« 

12 mB%m. 

13 WDM^&r^ 

14 =3tT-iVV—9 



(8) 



nm^l 1-1 1 24 3 4 



mil 

2-1 



3-1 



Pin 




•2-2 



3-2 



A- (Pout-P*8E)/Pin 

T ^ 

Pass 



e- 



Pout 



[08] 



3-1 



3tJ«@ai5 ^-11 

14-1 13-2 14-2 

I ^-12- 1 I ^12- 2 

I A * ■ ' 



Pin 



2-2 



1/6 



3-2 



1/5 



A= Pout/Pin 



Pout 



(9) 



1-1 124 34 



(a) 



[^21 

IB^ 



2-1 



Pin 



14-1 13-1/"^ 



13-2 14-2 



12-1 



Pf . APf 

Ik 



12-2 



Pb . APb 



2-2 



/6B 



Pf > Pb. I APf I < I APb 



3-2 



* 



1/5 



A= (Pout-PA8E)/Pin 

T 



Pout 



(b) 



I 



\ 

» \ 


«lcpf>pb 


0 


''^^APb 



( 10) 



^m^l 1-1 1 24 3 4 



(a) 



1B> 



■4 



2-1 



3-1 



Pin 



14-1 13-1/"^ 



13-2 14-2 



12-1 



12-2 









Pf 




Pb . 


APb 



7^ 



2-2 



/6C 



Pf>Pb. 0 g i APb 



3-2 



Pout 







A= (Fout-pASB)/Pin 

~ — T 



(b) 



CL, 



I 



■ 


1ltK:Pf>Pb 


1 
1 




1 

\ 




. \ 
\ 




V 


APf 


0 


\ 




\ 




1 
% 




1 APb 







(11) 



l^m^l 1-1 I 243 A 



(a) 



im4] 

IB^r 



3-1 



14-1 13-1/^"^ 



13-2 14-2 



12-1 



Pf. APf 

h. 



Pin 



/•12-2 



Pb . APb 



r2-2 



/6D 



r3-2 



Pf>Pb. I APf I =g I APb 



Pout 



1/5 



/4A 



A= (Pout-PAse)/PiD 



Pasb 



(b) 



PU 



I 





1»tCPf>Pb 


• 

t 
1 


I APf 1 =a 1 


1 1 


(a<l) 


V * 








0 






\ \ 
\ APb 





(12) 



l^ra^l 1-1 1 2434 



(a) 



[1^51 

1B> 



3-K 



"Pf^i IrH" I 



14-1 la-l/"*^ 13-2 14-J 

Pf. APf Pb . APb 

I I /6E 



-2-2 



Pin 



Pf>Pb 
Pb UgbTAPf^/diAPb^^ 



3-2 



A- (Pout-PASB)/'Pin 

T " 

Pasb 



/5 



Pout 



(b) Pb =m^®«^Jvlit 



(c) Pb >Bfr«cr)a/JMil 



< 



I 



1 

V. 


ticpf>pb 

APb 


0 


APf 



< 



I 



1 

a ' 

1 

1 

\ 
\ 
\ 

\ 

\ 

V 


?tCPf>Pb 

APf 


0 


\ 

\ 

\ APb 

t 

1 



( 13) 



mm^l 1-112434 




